The electromagnetic form factors of the neutron have been measured in the q' range from 1.0 to 30.0 F It is found that for values of q' greater than about 6.0 F the square of the neutron's charge form factor (Gx ) is consistent with zero to within an error of the order of 5/o in the existing theoretical cross section.
The electromagnetic form factors of the neutron have been measured in the q' range from 1.0 to 30.0 F It is found that for values of q' greater than about 6.0 F the square of the neutron's charge form factor (Gx ) is consistent with zero to within an error of the order of 5/o in the existing theoretical cross section.
For values of q' less than 6.0 F ' it is concluded that meaningful values of the neutron form factors cannot be given until the necessary corrections to the theory are better understood. The present results on the neutron form factors are combined with recent measurements of the proton form factors to provide experimental determinations of the isotopic nucleon form factors. It is found that the co and y mesons provide a good approximation to the observed isoscalar form factors but that it is difficult to understand the behavior of the isovector form factors in terms of the p meson alone.
I. INTRODUCTION 'HE form factors of the proton have been estab- The variation with q' of both the charge and magnetic form factors of the proton and the magnetic form factor pf the neutron are now well established for the values of q' up to about 30.0 F ', but there is still uncertainty as to both the magnitude and sign of the electric form factor of the neutron. At higher values of q' the work of Chen et al. 4 has provided information on the proton form factors for values of q' up to 125 F ', but (1964) .
probably smaller in abolute magnitude than 0.2 for values of q' up to 30.0 F '. The measured value of this form factor is therefore very sensitive to errors in the experiment and to errors in the theoretical treatment of the scattering process.
The principle of the method of quasielastic electron scattering is very familiar; measurements are made of the inelastic electron-deuteron cross section at the quasielastic peak. , from which the electron-neutron cross section is derived with the help of a theoretical treatment to allow for the scattering from the proton and the internal motion of the nucleons in the deuteron. Since the work of de Vries a number of improvements have been made to the theory of the quasielastic electrondeuteron scattering process, notably to the theory of the radiative corrections and to the theory of the finalstate interaction. In view of these improvements it was thought worthwhile to repeat and extend the original measurements using an improved experimental arrangement and aiming at a significantly higher experimental precision. In the present experiment we have made measurements of the ratio of the elastic electron-proton cross section to quasi-elastic electron-deuteron cross section over a range of q' from 0. The experimental procedure consisted of measuring an elastic electron-proton cross section, then the peak of the inelastic electron-deuteron cross section at the same value of g' and Anally a second measurement of the elastic electron-proton cross section to check the reproducibility of the data. The reproducibility check was not invariably performed but was applied at least once during every run and, in all, for about 50% of the data taken throughout the experiment. The observed widths of the elastic electron-proton peaks showed the over-all experimental resolution to be about 0.7%. It was therefore possible to measure the entire profile of an elastic cross section with a single momentum setting of the spectrometer. Usually, however, measurements were made for three such settings, the subsequent settings differing from the initial one by a factor of~1.33 times the difference in the central momentum accepted by adjacent counters in the ladder.
A detailed knowledge of the effective solid angle accepted by the spectrometer and the absolute detection efficiencies of the counters was not required in this experiment since only a ratio was measured and absolute electron-deuteron cross sections were obtained by normalization to the absolute electron-proton cross sections given by Janssens. ' An accurate knowledge was required of the relative detection efficiencies of the various channels of the ladder and this was obtained by comparing the counting rates of the diferent channels when the broad peak of the inelastic electron-deuteron cross section was observed. A series of ten measurements was made at this peak such that a particular scattered ' B. Chambers, R. Hofstadter For values of q' greater than 10 F, particularly at the smaller scattering angles, the measurement of the quasielastic electron-deuteron cross section was complicated by the production of negative pions of the same momentum and at the same angle as the scattered electrons. One method of dealing with the problem was to reverse the polarity of the spectrometer in order to measure the number of positive pions produced in the target and then to deduce the number of negative pions using the ratios by Neugebauer et at. ' for the relative rates of photo-production of positive and negative pions in deuterium. This method was unsatisfactory because at the larger values of q' the correction for pion production rapidly became very large and uncertain. We chose instead to prevent the detection of pions by our counter system by inserting a thickness of two radiation lengths of lead immediately in front of the plastic scintillators. The electrons initiated cascade showers in the lead and gave rise to larger pulses in the scintillators, whereas the pulse height produced by the pions was una6ected and could be suppressed by suitable discrimination. With this technique we reduced the electron-detection efTiciency to about 75% of its original value but were able to eliminate the detection of pions entirely. We applied this method whenever preliminary investigation showed the negative pion contamination to be greater than 10%, and we verified, for a small number of data points when the pion contamination was negligible, that the experimental ratios measured with and without the lead were identical.
The ratios which we desired to measure were directly dependent on both the density and the thickness of the liquid targets. The temperature, and hence the density, of the liquid hydrogen and the liquid deuterium were measured in the target cells using carbon-resistance thermometers. These measurements were not made when the electron beam was passing through the target but extensive measurements by Janssens' have shown that the presence of the beam has substantially no |:ffect on the target density. The ratio of thicknesses of the two targets was accurately measured by filling both targets with liquid hydrogen and measuring the ratio of the counts in an elastic electron-proton peak as the beam was scattered in turn from the two targets. For this purpose a single counter of large momentum acceptance was used.
In quoting q' values we have adopted the usual convention of quoting the q' value appropriate to the proton peak. Due to the 2.2-MeV binding energy of the deuteron, the maximum of the deuteron spectrum is at a slightly lower energy than the energy at which the proton ' G. Neugebauer 
III. ANALYSIS AND RESULTS
The first step in the analysis was the correction of the data for counting rate losses and for relative channel efFiciencies. Typical data from the hydrogen target are shown in Fig. 1(a Fig. 1(a) is shown in Fig. 1 Fn. 2. An example of an elastic electron-proton peak and the corresponding quasielastic electron-deuteron peak for q'= 2.5 F '. TAaLE I. The experimental ratios of the proton area to the deuterium peak height as a function of q' and scattering angle. Also shown are the ratios of the elastic electron-neutron and electron-proton cross sections which follow from the experimental ratios by means of Eq. (3). In determining the errors on the ratios of the free-nucleon cross sections no allowance has been made for possible systematic errors in the deuteron theory. to the deuterium data to allow for the finite experimental resolution. This correction was deduced from the observed width of the elastic hydrogen data and was usually of the order of 1%.
The observed elastic electron-proton cross sections and the inelastic electron-deuteron cross sections were corrected for the effects of electron radiation during the interaction according to the corrections given, respectively, by Meister and Yennie and Tsai" and by
Meister and GriGy. " The result for the inelastic electrondeuteron process may be written in the form Fig. 7 , the experimental points can be 6tted by a straight line, which, as pointed out by Gourdin, ' is consistent with the assumption of one-photon exchange between electron and deuteron.
The goodness of 6t, as measured by the p' test, is given in Table III . The experimental points uncorrected for the final-state interaction can also be fitted by straight lines at all values of q', which is also consistent with the one-photon assumption, since the linearity of these plots should not be affected by corrections to the theory of deuteron electrodisintegration. " The magnetic form factor of the neutron G~" is given by the slope of those lines, and the square of the electric form factor (Gs")' by the intercept at the small negative value of tan'(rs8) indicated in Fig. 7 . G~" is always a real number but at lowest value of q' the fitted line corresponds to a small negative value of (Gz")', which would imply a purely imaginary value of 6~".
The values we 6nd for the charge and magnetic form factors of the neutron are given in Table III and shown as a function of q' in Pigs. 8 and 9. Figure 8(a) shows the values of the square of the neutron's charge form factor (Gz")' that are obtained by setting the factor C(q', fi) in the Durand formula equal to unity and ignoring the contribution from the deuteron pole term. The indicated errors include only the statistical errors in the ratios and a 4% uncertainty in the absolute electronproton cross sections. Figure 8( '7 The quantities Gz", G~~/p", G~"/p", and Gz are frequently also called F,h&, P~,p, Ii~,g", and P;h", respectively. P. Lehmann, R. Taylor and R. Wilson, Phys. Rev. 126, 1183 (1962 Tables   IV and V 
